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Design, Concept, and Visualization of urban multi-level growing table systems in
Hyper Urban Areas.

Aaryan M. Nair; Shaheed Mohammed
Mechanical Engineering Technology
New York City College of Technology

Mentor: Prof. Omar Rahama

The project was done for the partial fulfillment of the Product Design II class.

Abstract
As of a 2019 study conducted by the National Urban Gardening Program (National
Urban Gardening Program), urban farming accounts for approximately 19% of the total national
farming output and is expected to triple to almost 45% by 2025. There is intensive research being
conducted on aspects of reduced recidivism, communal health benefits, natural carbon capture
systems, improved urban ecology and the necessity for reducing the carbon footprint of food,
(informally dubbed “food miles”) there is little substantive research on optimisation, and
maximation of crop productivity in hyper-urban areas.

The purpose of this report is to understand the functionalities of urban growing table,
being mindful of its possible limitations, and to fully design an integrated modular growing table.
There should be emphasis on making the growing table as modular as possible, while still
ensuring the mobility, relative costs, and equitable access to water source, heating source,
nutrient sources, and other factors. Aspects like ergonomics, workability, ventilation, air
circulation also need to be taken into account for the design considered.

Keywords: Built Environment, Green Development, Urban Growing Tables, Food
Efficiency
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Introduction
The field of urban farming has been growing exponentially over the past 3 decades and is
expected to grow further for the coming decades. The idea of peri-urban farming, and
generally farming in hyper-urban areas (categorized as areas where farming is NOT the
primary source of sustenance) originates in the US from the Great Depression. However,
it has caught a lot of traction recently due to a combination of cheaper electricity, urban
gentrification, and increased appreciation for urban ecology. With improved research, it
is indeed possible to achieve far more efficiency in space allocation, plant distribution,
and equitable access to a water source, heating, and a combination of micro-factors
(minerals, humidity, microbial growth etc.)
As of a 2019 study conducted by the National Urban Gardening Program (National
Urban Gardening Program), urban farming accounts for approximately 19% of the total
national farming output and is expected to triple to almost 45% by 2025. There is
intensive research being conducted on aspects of reduced recidivism, communal health
benefits, natural carbon capture systems, improved urban ecology and the necessity for
reducing the carbon footprint of food, (informally dubbed “food miles”) there is little
substantive research on optimisation, and maximation of crop productivity in hyper-urban
areas.

The purpose of this report is to understand the functionalities of urban growing table,
being mindful of its possible limitations, and to fully design an integrated modular
growing table. There should be emphasis on making the growing table as modular as
possible, while still ensuring the mobility, relative costs, and equitable access to water
source, heating source, nutrient sources, and other factors. Aspects like ergonomics,
workability, ventilation, air circulation also need to be taken into account for the design
considered.

Scope
The purpose of the project was quite multifaceted. It was particularly important to
identify that urban forming is non-conformation, and constraints of space might be
unique based on factors like area availability of the room, average temperature inside the
room, access to lighting and many other factors. Therefore, our design was purposed to
be completely independent. We wanted the system to be able to provide its own light,
watering system, nutrient supply, and data analytics independently, without supervision.
Ideally, we would only like the system to be plugged into a 110-120V DC power source,
and to have a water inlet. As long as the room could provide this, the housing should be
able to work independent of other ambient conditions.
There were three major applications considered.

1. Commercial supermarkets: Over the last few years, there has been some emphasis
on a small percentage of fresh produce being produced in-house. Carrefour for
instance, now produce 35% of all their herbs in their own in-house hydroponic
farm. This is expected to reduce the costs of shipping fruits and vegetables from
across the World, and provide people with exotic produce throughout the year, at
the same rate.
2. Repurposed Warehouses- Over 35% of modern cities have industrial areas in their
city limits. Many of which have been victims to gentrification and are not being
used actively. The modularity of this design means that it can be customized to
suit the height of industrial warehouses, and that it can be stacked to match the
height.
3. Community Farming: The idea of community farming is quite an interesting
prospect too. Having farming space is supposed to improve communal
productivity by 13% and improve the quality of living by 9%. It can also provide

exposure for children and provide an
active engagement for the entire community. The idea is that the system could be
customized to suit the style of housing. For instance, a villa project could use

rooftop systems, while an apartment complex could have dedicated area for indoor
community farming.

Concepts Generated

While prototyping for this product, it is important to consider the usage of this product.
Essentially there is endless scope for growing table applications, anywhere from urban
centres such as refurbished warehouses, community spaces, and even large-scale
supermarkets. Therefore, there should be strong emphasis on keeping the design as
modular as possible
We should attempt to create multilayer systems, which can be customized in terms of the
number of floors easily, while still retaining all the functionality (water source, nutrient

supply, heat source etc.) in every floor. This element of customization was very crucial
since the national average height of a commercial warehouse is 40 feet, and we should be
able to use this system to maximise productivity.

We also need to consider mobility. While the primary focus of the system particularly
very mobile, it is still a factor to consider. This is particularly given considering a
customized assembly of 5 storeys might way close to 250 kg, and moving this is very
cumbersome, and dangerous (given the risk of buckling). Therefore, we have
incorporated wheels to move the system. The wheels also have locks to prevent
movement once the system is in place.

We also wanted to consider worker ergonomics, particularly if the modular system was
stacked to heights over 30 feet. The system is almost completely automated, but it would
still require replanting, repotting, etc perhaps for a few hours a week. We considered
methods like ladder systems, but we could not afford to compromise on the worker’s
safety, and we ended up ruling out the ladder idea.

We also considered a pulley system for the plant being loaded into the tray, but we found
that this movement would affect the plants, due to axis of rotation and the motion.

Therefore, we finally arrived at the scissor ladder system. This would afford the worker
great comfort, particularly if the system is used in heights over 20 ft.

Locomotion system used
The modular structure allows us great flexibility in customizing the product to suit the
customer’s requirements. There is a lot of scope for this product, so this growing table
could be used in commercial warehouses and greenhouses to be stacked upward to a
maximum height of 35-40 ft (which was tested using Finite Element Analysis). This
could also be done in small scale in local indoor garden shops and supermarkets.

Therefore, alongside the modular customizable growing table, we have also designed a
scissor lift capable of bearing 300 lbs. It comes with controls allowing the person to
move, and adjust height easily. This is expected to significantly improve the productivity.
There are also safety hatches to ensure safety of the worker. These will provide safety
since injuries from that height could be dangerous. We considered the idea of using
sunshades for the lift system, but since the very purpose of the system is to be an indoor
system, we ruled it out.

The lift has been set up to
move the worker from
heights of 5 ft to up to 30
ft, allowing the worker complete mobility to access the top racks of the system.

Material Study
The complete assembly uses the following materials in the following quantities for the
following purposes.

We recognise and have made a lot of effort to minimize the number of materials as much
as possible. Decreasing the number of materials would massively improve the rate of
manufacturing and increase the speed of assembly.
However, this was not possible due to a combination of reasons. Each of the materials
here served a purpose. Using 1020 steel for the entire assembly for instance would
increase the load on the design for the finite element study. Another example of this
would be that we initially considered using steel trays. However, it was found to be
significantly cheaper to (a) use plastic HDPE trays and (b) outsource and purchase these
trays from retailers in China. Purchasing these trays for instance would cost under $1 to
purchase, while manufacturing them in steel would cost over $5,

The 1020 steel is used for the general frame. The right and left cross bars are designed
with 1060 cold rolled steel, since it’s a stronger, higher loading component. However,
these structures are more expensive to manufacture.
The carbonate sheets are used instead of glass, since it will provide a level of
translucence, but it is less brittle. The PVC sheets are used for the piping of the system.
Finally, the ABS plastic is used for the packaging instead of polyethylene bubble wrap to
reduce our net carbon footprint, and to provide additionality sturdiness to the packaging.

Design for Manufacturing

There are several factors to consider when considering materials and manufacturing.
Essentially, they cannot be thought of two independent factors, and rather each one should
be considered as an extension of the other. When considering the materials, we need to
consider the strength, workability, and the relative cost. The cost is essentially the
summation of three individual costs- workability & processing costs, manufacturing, and
the inherent material cost.

High load capacity requires a tough, hard material that is difficult to machine; whereas high
precision favours materials that are easy to machine and therefore have lower strength and
hardness ratings. Choosing the right combination of materials can ensure the design can be
used for the desired length of time without safety hazards due to fracture.

EU- OSHA standards

For the purpose of the design, workability and material stress testing we will make use of
European Safety Standards (EU-OSHA) to understand the safety factor, the load factor,

and the failure percentage values. The EU-OSHA compliance standards will also provide
a framework for the manufacturers and assure the potential buyers of the safety factor.
The terms are broadly defined here:

Factor of Safety = FS=

𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑙𝑜𝑎𝑑

𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑙𝑜𝑎𝑑

=

𝑑𝑒𝑠𝑖𝑔𝑛 𝑜𝑣𝑒𝑟𝑙𝑜𝑎𝑑
𝑛𝑜𝑟𝑚𝑎𝑙 𝑙𝑜𝑎𝑑

Where the design overload is defined as being just sufficient to cause failure.
An alternate definition of facture of safety is based on the use of stresses.
Essentially, Factor of Safety = FS =

𝑢𝑙𝑖𝑚𝑎𝑡𝑒 𝑠𝑡𝑟𝑒𝑠𝑠

𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠

The recommended Design Load Safety Factors highlighted by the OSHA CRC Failure
manual Section C:

Factor
OSHA Guidelines (Summarized) Safety
Mild Steel Hook

2

High Tensile Steel Hook

3

Wire Rope Sling

2

Endless Wire Rope Sling

2.5

of

C Hook

2

Shank Hook (General Purpose)

2

C Hook with Eye

1.5

Point Hook with Shank

2

Hook (General Purpose

2.5

Therefore, we have used a Factor of Safety of between 1-3 based on the load bearing ability
of different materials and the expected stress they are expected to bear.

OSHA-EU Standards for worker safety
The system uses extensive standards for worker safety, particularly when using the scissor
lift. The lift has been modified to meet the OSHA-EU guidelines, by increasing the railing
height to around 5 ft 6”.

Further, to operate the lift, OSHA mandates a certificate course to operate the lift. Further,
to handle the entire urban growing system, it is highly recommended to use a 30 hour, or
ideally a 45-hour certification system.

Frame Design and Materials

Based on the following requirements of safety compliance, we have made detailed
calculations to understand which rods will be used for the major weldment structures.

Weldment Specifications and Requirements

The major components will be done using Weldment. Welding rods are usually named in
the convention of E6010 or E6011, where the E stands for electrode and the 60 stands for
60K lb. of tensile strength per square inch. The last digit standards for the power supply,
and the flux composition.
The E6010 has some key strengths in most safety metrics including durability, mechanical
strength, excellent penetration, the inherent capability to handle poor fit-up and rust, and
its fast-freezing puddle.
Another advantage of using E6010 is that it can run using less expensive welding machines
that are not designed for E6010. This is possible because the E6010 makes use of arc
stabilizers in its cellulose flux. This prevents the arc from unexpectedly dying.
The 6010 coatings contain a huge amount of cellulose which is around one-third of its
weight. It also comes with titanium dioxide and other elements and compounds like
manganese, aluminum, ferromanganese, liquid sodium silicate, and metallic deoxidizers.
The project will make use of the E6010 for the large number of heavy loading beams. It is
important to note that to meet the EU-OSHA compliance requirements, we need to
manually test each beam with 1/3rd of the load capacity.

Material Finish
The material being used is galvanized steel with a zinc spray. This coat by Zinc will inhibit
the corrosion and rust and will match the requirement of RoHS 2011/65/EU compliance.

It’s also important to note that the OSHA-EU regulations are not just designated for priorprocessing. Thorough inspections need to also be made to fully meet the following postprocessing requirements to remain fully compliant
•

The area surrounding the equipment – This is to make sure there is enough
distance from other structures and power lines. The area needs to be designated
with at least 4 feet of height clearance to ensure worker safety, and sufficient
ventilation. If the worker is expected to work for over 4 hours, we also need to factor
access to water, and ergonomics safety.

•

Machinery inspection – If there is any rust, dents, scratches, or other damage on
any piece of equipment, it should be noted during the inspection. While some wear
and tear will not impact the rigging equipment, it could be a sign that it needs to be
repaired or replaced eventually.

•

Pathways and platforms – If the crane and rigging equipment will be moving,
there needs to be a sturdy foundation and a clear path.

•

Wire ropes and chains – These pieces of rigging equipment can be damaged over
time. Any signs of kinks, wear, or corrosion must be noted, and the rope or chain
must be replaced.

•

The weight of all equipment used in the scissor crane operation must also be
calculated for each load to ensure that it is within the working load limit of the lifting
mechanism, sling, or hook that is in use.

•

Since some of these calculations must be estimated, most rigging equipment has a
safety factor rating. This essentially accounts for additional weight which could
be caused by miscalculations or friction.

In-house design vs External Part acquisition
Bolts, Fastener Heads and Piping

We have tried to minimize the number of fasteners, and tried using self-fastening, selforienting parts as much as possible. However, there is still some necessity for some parts,
especially since many of the parts are not prepared in house.
Another aspect of design we need to consider is that it is impractical to design all the
components inhouse. We have opted to go with McMaster-Carr’s bolts catalogue and opted
for standard American fixtures in the design. All bolts, fasteners and bearings are made to
match with GD&T guidelines.
We have also opted to use some pipe tubing and hose fitting for the water supply. We will
be using McMaster-Carr once again for the material acquisition, using their extensive
catalogue for the spine piping and the smaller piping. For the spine piping, we plan to use
a 3-inch piping, and a smaller 1-inch pipes for the smaller column pipes.

These bolt heads and PVC pipes also can be customized and purchased directly with the
zinc coating to avoid having these parts post-processed.

Refrigeration system
One of the most considered aspects of the design was to decide between designing a custom
refrigeration system in house, or purchasing a system. The custom refrigeration system
would provide increased flexibility in terms of sizing, temperature, and custom rack
systems. Furthermore, it would be more cost-effective to manufacture them in house
especially since we are using two units in every model. The two units of mini-refrigeration
system over a single larger unit was once again a conscious design to provide buyers with

the option to have two individual units to custom settings and temperatures. One could be
used for storage produce at much sub-zero temperature settings, while the other could be
used to store seeds for instance at temperatures close to 5-10 degrees Celsius to ensure
longevity.

However, the initial cost of development was found to be much higher since we would
need to design and create a manufacturing line of assembly just for this system. Though on
the longer run, the cost may offset, the initial cost is still much higher than what we would
like. Perhaps in the future, it would be possible to design these in-house. Therefore, we
have opted to use a Hisense single door 1.6 L mini-fridge unit instead. This way, it would
be possible to retail at a much lower price, while still ensuring the users have a satisfactory
user experience.

Sensors
Once again, the idea of developing sensors was considered and ruled out. However, here
there wasn’t a single alternative to having them retailed. Within the scope of our system,
there are 5 independent sensor systems- humidity, temperature, water, soil pH, and light.
There isn’t a single third-party sensor system which has all the components that we need.
We would also need a data storage device, and an Arduino to do some basic data
processing. Therefore, we decided to buy the sensors individually, and then place them in
a electric system housing. These will come with an Arduino and data transmitters so that
the information can saved and viewed later on the user’s smartphone.

Image 1: Integrated Sensors used for the atomizer- Purchased from Vandy Pulse X
Atomizer
Image 2& 3: In-house developed proprietary sensor analytics housing system
Image 4: Data from soil pH sensors (available on our App)
Wheel

The wheel system was designed inhouse with standard parts from the McMaster-Carr store.
The wheels are made using Polyurethane with a thin rubber ream. All assembly is relatively
basic and can be done in house.
Scissor Lift
The scissor lift was once again acquired from a third-party retailer. We have made some
modification to accommodate the OSHA-EU standards, such as increasing the size of the
railing, and reducing the maximum height of the lift system.

Pipe system
The purpose of the piping system is to provide a constant flow of water into each row of
the housing. The system is calibrated to the app developed, which monitors the soil
moisture concentration. When it dips below a certain point, the pipe valves open, allowing
water to the plants. The system uses a central trunk pipe which is 3 in. thick, and a smaller
pipe lets which are 1 in. for the individual housings.

App Development
As written earlier, there is an app which was developed to be compatible with the system.
The apps have 4 categories- Temperature Control, Humidity Control, Light Settings, and
Check Soil pH. These systems are connected to Arduino systems and sub-units sensors in

each floor of the system. The app allows us to control the temperature, humidity, and also
analyse system for up to 48 hours. The app mock build-up is also shared.

Finite Element Study

Finite Element Study Results
The purpose of the Finite Element was to test for 3 major factors- static loading, buckling
stress, and Von Mises stress. We tested the entire system with special emphasis on the
glass-carbonate sheets, due to it’s tendency to fracture. We kept the housing as is, with
the load at the top, and the base stationary.
The system is built to hold a total of 5 levels, each of which are close to 40 kilograms.
This would account to around 200 kgs. To give it a comfortable safety factor of 2.5, we
had the system tested against a load of 500 kilograms. The unit was comfortably able to
take the testing without the risk of fracturing at any time.
Picture 1: Static Loading
Picture 2: Buckling Stress
Picture 3: Von Mises stress
Picture 4: Specialised testing to study the strength of glasscarbonate material
To reduce the risk of buckling (as part of our study, we have
devised a simple magnetic contraption that would attach to
the side of the housing unit. It would stick to the next unit,
preventing the slightest risk of buckling.

Design for the Environment

It is very important to understand that there is a deep environmental purpose behind the
initiation of the product. As expressed in the introduction, there is a massive scope
expected in the field of urban agriculture, with the emphasis on aspects like reduced
recidivism, natural carbon capture systems, improved urban ecology and the major factor
such as food productivity and the necessity for reducing the carbon footprint of food.

Therefore, we have attempted to ensure minimal carbon embodiment of the project.
Carbon embodiment is a more comprehensive measure of understanding carbon release.
Carbon embodiment essentially measures carbon dioxide (CO₂) emissions associated

with materials and construction processes throughout the whole lifecycle of a building or
infrastructure.
For this measurement, we have opted to measure the materials used in the manufacture of
the process against Institution of Structural Engineers, (IStructE) since this aspect is far
more vigorous in European regulations compared to the American ones.

We can understand the values for the carbon embodiment from the following table. Here
a few takeaways from the data.
-

Values marked in green are quite inconsistent between IStructE data against the
American values given by the IEEE. Therefore, we’ve opted to go with the
IStructE data since it’s more updated (2022).

-

The values for the B1 stage accounts for the type of sourcing- Local, National and
International. The principal idea is that national sourcing would naturally require
more travel, transportation, and packaging. However, the idea has its own
limitations since data mis be massively erroneous if the material is shipped from
California to New York, rather than from New Jersey. Indeed, there might even be
instances when carbon embodiment might be higher shipping nationally compared
to internationally.

-

The values for the refrigeration and the sensor system are not taken into account,
since they are only assembled, and only made in house. We also don’t the exact
materials inside the system, since the technology is proprietary. This is consistent
with IStructE regulations.

-

The values for A, B, C, D, and E are all given per kg. The approximate CO2
values are given by multiplying the base values with the mass.
(NO UNITS)

The final results are summarized here:
Total Carbodiment Figures
Material Pre-Processing (A1)
Material Post-Processing (A2)
Material Shipping (B1)
Material Storage (B2)
Material Assembly (C )
Material Packaging (D)
End of Material Cycle (E )

Total Embodied Carbon

1740
1131
5200
260
6699
217.5
3654

18901.5

Costing and Retail Study

Material used

Shipment Sourc Estimated Quantity ( Cost per kg

ASE 1020 Steel
Polyvinyl custom wheel
Vaporiser system
1060 Steel
Polyvinyl sheets
Acrylic sheet
Carbonate Sheets
Minor Brass Fittings
Refrigeration system
Sensor system
High-Density Polyethylene (HDPE)
Acrylonitrile-Butadiene-Styrene (ABS)

4
0.5
0.25
2.5
0.2
3
7
1.5

Mexico
Taiwan

Germany
Taiwan
China
China

0.5
6

Estimated % of manufacturing cost
60
35
40
95
60
40
30
20
100
150
25
25
Total Cost per assembly unit ($)
Estimated Retailed price per unit ($)
Profit %

The Estimated % of manufacturing cost is % of the cost of the materials required to
process the material. Though it is quite a rudimentary estimate, we have attempted to
factor in four major factors for determining the percentages –
-

Workability of the material

-

Shipping and handling charges

-

Equipment required for handling material

-

Time needed for manufacturing

Net Cost
25
5
5
25
10
10
10
5
5
5
10
10

The estimated retail price was made based on existing models available on the retail
market, and after having factored the newer features in the model (sensor, refrigerator
system, and mobile application) and evaluating the value the bring to the system.

300
18.375
10.5
296.875
13.2
132
231
31.5
200
150
13.75
165
1562.2
2200
40.827

We also checked with an Environmental Industry expert (Mr. Itay Rubin) about potential
prices for similar products in this market, and we found the price/ profit margin
satisfactory.

Conclusion

The purpose of the study was to design, develop and have several reiterations based on
feedback. We have attempted to make comprehensive studies for Scope, Concepts
Generated, Locomotion system used, Design for Manufacturing, EU- OSHA standards,
Frame Design and Materials, Finite Element Study, Design for the Environment and
Costing and Retail Study.

We acknowledge that design and product development is a massively iterative process
with teams of researchers working on product development, and large-scale product
testing. Further products are likelier to have several rounds of client testing before
commercial retail. Furthermore, costs are likelier to very different to figure received over
the internet, and there may be several miscellaneous expenses that we may have never
accounted for. Rather, our model is purely a simulation of a humble attempt at product
development, design, and study.

Future Development
Regarding the idea of future development, there are several aspects that were considered
but were later scrapped due to a lack of time, and other resources. One of the ideas
considered was the implementation of a solar panel at the top of the housing particularly
for the outdoor units. This would lend the product self-dependency and allow the system
to function outdoor remotely without requiring a power source. This would massively
ramp up the scope of the product, particularly in uninhabitable weather.

This broad idea could even be extended for extra-terrestrial ecosystems without an
atmosphere. We would have to factor in oxygen purification systems, but it would
definitely be an interesting avenue.

We also considered having a polyester-based insulation system store ambient heat inside
the housing better. It would act as a wrap-on and prevent ambient heat loss through the
carbonate sheets. However, creating a wrap-on unit for the entire unit, while still being
easy to remove (when work is needed inside the housing) made us rule out the concept.
Finally, another development we considered was creating more modular features. For
example, instead of using LED panels in the system, it would be more efficient if we
could design combined light and heating systems. According to a Princeton study on
plant behaviour, this would improve the plant’s Heliotropism (plant's tendency to turn
toward the sun) by up to 30%.

